U.S. DEPARTMENT OF COMMERCE
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION
WEATHER BUREAU

Weather Bureau Technical Memorandum TDL-6

A FORTRAN PROGRAM FOR THE CALCULATION OF HOURLY VALUES
OF ASTRONOMICAL TIDE
AND TIME AND HEIGHT OF HIGH AND LOW WATER

N. A. Pore ,
Techniques Development Laboratory, SDO, Weather Bureau

and

R. A. Cummings
Oceanography Division, Coast and Geodetic Survey

SYSTEMS DEVELOPMENT OFFICE
TECHNIQUES DEVELOPMENT LABORATORY
TECHNICAL MEMORANDUM NO. 6

SILVER SPRING, MD.
January 1967

Reprinted December 1975 : 5, @ $

QWITIOY

@

(o
2, X
© Mg’

V‘S,,\:x\()A/\/ %

(N

076-\916



NOAA--S/T 76-2035



ABSTRACT

1.

5.

INTRODUCTION

MATHEMATICAL PROCEDURE

PROGRAM DESCRIPTION

CONTROL CARDS

SAMPLES OF THE OUTPUT

REFERENCES

APPENDIX A

APPENDIX B

CONTENTS

Page

11
11
12

16






A FORTRAN PROGRAM FOR THE CALCULATION OF HOURLY VALUES OF ASTRONOMICAL TIDE
AND TIME AND HEIGHT OF HIGH AND LOW WATER

‘ N. A. PORE
Techniques Development Laboratory, SDO, Weather Bureau

and

R. A. CUMMINGS
Oceanography Division, Coast and Geodetic Survey

ABSTRACT

A listing of the FORTRAN statements for a program for computing hourly
values and times and heights of high and low astronomical tide is presented.
Also shown are a flow chart of the logic of the program, descriptions and
samples of the program control cards and data cards, and a sample of each type
of output. :

1. INTRODUCTION

The change from analog to digital computation of tides began in 1956 when
the first program for the prediction of hourly tide heights by the harmonic
method was prepared for the IBM 701 in machine language. This method was sub-
sequently programed in machine language for the IBM 704 and the IBM 7094. The
7094 program had a subroutine which computed the times and heights of high and
low water. This method was described by Harris, Pore, and Cummings [1]. The
most recent version of this program is written in FORTRAN IV for the IBM 7094
and consequently is easily adapted to any computer with adequate memory using
the FORTRAN system. It requires 1.7 minutes on the IBM 7094 to compute one
year of hourly heights and times and heights of high and low water.

The purpose of this report is to document the actual FORTRAN program for
prospective users. Full details of the FORTRAN program are presented along
with instructions for the preparation of the program control cards. Little
description of the actual harmonic tide prediction method is presented because
this is available elsewhere [1, 2].

2. MATHEMATICAL PROCEDURE

The height of the tide at any time, as given by Schureman [2], may be

written:
N

= — 1
h HO + X fn Hn cos [an t + (V0 + u)n K n]’ (1)
h=1



where
e = height of tide at any time t.
HO = mean height of water level above datum used for prediction.
Hn = mean amplitude of any constituent An'
fn = factor for reducing mean amplitude to year of prediction.
a, = hourly speed of constituent An'
t = time, in hours, reckoned from beginning of year of prediction.
(Vo + u)n = Greenwich equilibrium argument of constituent An when t=0.
K'n = modified epoch of constituent An’
N = number of constituents used for the particular station.
The cosines of the argument [a_t + (V_+ u)_ - K' ] are supplied for the

calculation by a relatively efficient 'tabl? lookgup” procedure.
The logic of the procedure is shown in the flow chart of figure 1.
3. PROGRAM DESCRIPTION

The program is written in FORTRAN IV language and has been compiled and
tested on the IBM 7094. It should be adaptable to any computer with adequate
memory which utilizes the FORTRAN system.

A listing of the FORTRAN source statements is presented in Appendix A.
The steps in the program described below are keyed to the source statements
by the numbers and scale added to the right edge of the listing in Appendix A.

1. Initialize MS, MY, and MD, the control words which determine if more
than one problem is to be done. Specify that constants for the station, year,
and date will be read in. After the first set of calculations these variables
may be set to zero if station, year, or date are not being changed.

2. Read-in the table of constituent speeds A(J). The program is compiled
to accept 37 constituents. This number can be increased by a change of the
DIMENSION statement and a change of the indexing of the appropriate statements.

3. Convert the constituent speeds to units such that 1024 units are
equal to /2.

4. Read station name from punched card (72H). The amplitude of each
constituent (AMP(J)), and the modified epoch of each constituent (EPOCH(J))
are read in for the station. These require 6 punched cards. The first word
on each card is the assigned station number. The second word is the card
number, 1 through 6. These station cards must be in correct numerical order
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Figure 1. - Flow chart showing the logic of the procedure for the astronomical
tide prediction program.
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so that the amplitudes and epochs are read in for the appropriate constituents.
The station numbers are compared for consistency and the order of the six cards
is checked.

5. Read-in the datum plane (DATUM) and control word (IND). The tide
heights are calculated with reference to mean sea level datum plane. The
amount in feet specified by DATUM is added to the calculations before they are
printed. The control word IND determines if hourly calculations, high and low
water calculations, or both are to be printed. IND is set to 1 for highs and
lows only, 2 for both hourly values and highs and lows, and 3 for hourly values
only.

6. Determine if year constants are to be read in.

7. Read-in the node factor (XODE (J)) and the equilibrium argument
(VPU(J)) for each constituent for the particular year. This requires 5 cards.
The first word is the year, the second specifies whether the year of calcula-
tion is a leap year or a non-leap year (1 for leap year and 0 for non-leap
year). The third word is the card number, 1 through 5. The cards are checked
for year consistency and for card order.

8. Determine if a date card is to be read in.

9. Read-in date control card consisting of 12 time periods. MO(J) is
month, NBDAY(J) is the beginning day, and NEDAY(J) is the ending day. If
calculations are for less than 12 time periods, the unused portion of the card
is left blank. The unused words MO(J),. NBDAY(J), NEDAY(J) are therefore read
in as zero.

10. Examine amplitudes of the constituents (AMP(J)) for zero and form a
set of tables consisting of AMPA(K) which is f H_ in equation 1, EPOCH(K)
which is (V_ + u)_ - K'_in equation 1, and SPB(R) which is a_ in equation 1.
The resulting set of constants is for the constituents of non-zero amplitude.
Also constituent speeds in tenths of hours are computed and stored as SP(K).

11. Compute NOCON, the number of non-zero constituents, which is the
number of constituents to be used in the calculations.

12. Put the month, beginning, and ending dates in MO(13), NB(13), and
NEDAY (13).

13. Check for blank (zero) month number which indicates calculations for
the last time period have been completed.

14. Determine number of days (NODAYS) and number of hours (NOHRS) for
which calculations are to be made.

15. Check whether year is leap year or non-leap year.

16. Determine the first hour number of the year for which calculations
are to be made (FIRST). The first hour number of each month is stored in
table TABHR(K). There are 12 values for non-leap years and 12 for leap years.
First is saved as NFIRST.



17. Determine phase angle of each constituent for the first hour of
calculation. These arguments are then reduced to values of less than 2m.

18. Determine for all hours after the first the phases of the constituents
by adding the speed of each constituent SPD(J) to the previous phase (ARG(J)).
These also are reduced to less than 2.

19. Determine the quadrant of the phase of the constituent. This is
necessary as program utilizes a cosine table of 1025 values, from 0 to m/2.

20. From NP determine which value of the cosine table to use for the
particular constituent; NP is determined by rounding.

21. Accumulate the value of the tide for a particular hour STORX (K) for
those constituents which are in an increasing phase.

22. Same as 20.

23. Same as 21 except for constituents which are in a decreasing phase.

24. Find time of last hour for which calculations are made. This is
used for calculating the tide height for the last hour the second time by the
method used in the first hour in step 17. This independent calculation of
the last hour is compared to the value for the last hour obtained by the short
cut method of step 18.

25. Transfer for calculation of the last hour tide height.

26. Find CKSUM, the difference between the two calculations of the last
hour tide. Should be very near zero.

27. Add datum plane to the tide calculations.

28. Write a heading line consisting of year, month, datum, number of
constituents, and CKSUM.

29. Write out the hourly calculations of tide.
30. Check to determine if hourly values only are desired.

31. Check constituent constants cards for errors. (Format of error
messages is shown in listing in Appendix.)

32. Initialize ITEMS to zero. ITEMS builds up to twice the number of
extreme tides.

33. Set number of one-hour time intervals.
" 34, Begin search for tide extremes.
35. Test to determine if first hour is being considered.

36. Initialize for first hour.



37. States that an extreme tide will occur between TIME - 1 and TIME + 1
hours.

38. Compute tide heights at tenth of hour intervals. Similar to computa-
tion of hourly tide heights.

39. Transfer. (Depends on whether the program is searching for a high
tide or a low tide.)

40. Initialize for low tide search.

41. Search for low tide.

42. Check to determine if low tide has been found.

43. Initialize for search of high tide.

44. Search for high tide.

45. Check to determine if high tide has been found.

46. Determine if first tide extreme is a high or low tide.

47. Store time and height of extreme tide.

48. Transfer appropriately to search for high or low tide.

49. Change hours and tenths of hours to hours and minutes.

50. Set sign of all zero heights to plus.

51. Set initial day number.

52. Write four heading lines.

53. Write times and heights of extreme tides.

54. Read MS, MY, MD to determine if more problems are to be done. If
MS, MY, and MD are all zero, all calculations are finished. If any of the
three are not zero, more calculations are to follow. If MS is non-zero, new
station cards are to be loaded. If MY is non-zero, new year cards are to be
loaded. If MD is non-zero, a new date control card is to be loaded.

4. CONTROL CARDS

The data and control cards are arranged in the following order:

Cosines (86 cards)
Constituent Speeds ( 6 cards)
Title card (1 card )
Station constants ( 6 cards)
Datum plane, Output control word (1 card )
Year constants ( 5 cards)
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Date control (1 card )
Termination control (1 card )

A sample of each type of card is shown in figure 2. The formats and card
descriptions of the data and control words used in the program follow:

Cosine cards: XCOS (J)

(12F6.5) 1025 cosine values from 0 to w/2 at intervals of 90/1024 degrees.
A listing of the cosines is presented as Appendix B.

Constituent Speeds cards: (A(J))

(7F10.7) 37 values of constituent speeds in degrees per hour.

Title card:

(72H) Any 72 Hollerith characters desired as the title line of output.
Station cards: ISTA , NO., (AMP(J), EPOCH(J))

(214, F5.3, F4.1, F5.3, F4.1, F5.3, F4.1, F5.3, F4.1, F5.3, F4.1, F5.3, F4.1,
F5.3, F4.1). The first two words on each of the six station cards are the
station number and the card number which varies from 1 through 6. The remain-
der of each card consists of seven pairs of amplitudes (AMP(J)) in feet and
phase angles (EPOCH(J)) in degrees for seven constituents.

Datum plane and output control card: DATUM, IND

(F6.3, I2) The datum plane (DATUM) is expressed in feet. The output control
word. (IND) indicates which calculations and output are desired. IND is punched
1 for high and low tides only, 2 for hourly values and high and low tides,

and 3 for hourly values only.

Year cards: IYR , LY , NUM , (XODE(J), VPU(J))

(14, 212, F4.3, F4.1, F4.3, F4.1, F4.3, F4.1, F4.3, F4.1, F4.3, F4.1, F4.3,
F4.1, F4.3, F4.1, F4.3, F4.1). The first three words on each of the five year
cards are the year (IYR ), a word (LY ) which specifies if the year is a leap
year, and the card number (NUM ). LY is punched 0 for a non-leap year and 1
for a leap year. The remainder of the card consists of eight pairs of ampli-
tude modification factors (XODE(J)) and Greenwich equilibrium arguments (VPU

(J)) in degrees.
Date control card: MO(J), NBDAY(J), NEDAY(J)

(36I2) Each time period for which calculations are to be made is specified by
three words, the month number (MO(J)), the beginning date (NBDAY(J)), and the
last date of the period (NEDAY(J)). Twelve time periods is the maximum number
which can be specified on one date control card.
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GF CUNSTITUENTS

NOo
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10

These printouts show (above) the calculated

jde and (below) the times and heights of high and low waters for Hampton Roads,

Va. for March 1 - 10, 1968.

3. - Samples of the printed output of the program.
hourly t

Figure
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Termination® control card: MS, MY, MD

(3I4) These three words determine if more problems are to be done. If all
three are zero, no other problems will be done. If MS is punched 1, new
station constants will be read. If MY is punched 1, new year constants will
be read. If MD is punched 1, a new date control card will be read.

5. SAMPLES COF THE OUTPUT

A sample of each type of printed output is shown in figure 3. The top
half of the figure is a set of hourly tide heights$ and the lower portion is a
set of times and heights of high and low waters. The datum plane is 1.25 feet
(which is mean low water at Hampton Roads) and 15 non-zero constituents were
included in the calculations.

Each day of hourly tide heights requires two lines of printing. The first
nurber of each line is the date of the month and the other twelve numbers are
the hourly tide heights expressed in feet. The first line of each day contains
heights from 0000 Local Standard Time (LST) to 1100 LST. The second line
covers the period 1200 LST through 2300 LST.

The section of the output containing the highs and lows shows the time
(LST) of high or low tide in hours and minutes with no separation or punctua-
tion between hours and minutes. Heights are printed in feet. For example,
figure 3 shows the first low tide on March 1 to be -0.3 ft. MLW at 0430 LST.
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APPENDIX B

Cosine table for use in the Astronomical Tide Program. The format is (12F6.5).
The 1025 cosines are in order from 0° to 90° at intervals of 90/1024 degrees.

The decimal points need not be punched; they are shown here for clarity.
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